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SmiL  AREA  HIGHWAY  PROGRAM 

ProgreBS  Report  to  the  Montana  State  High\/ay  Conroission 

for 
Season  Ending  Septeobcr  30,  1958 


Introduction 

This  progress  report  is  the  fourth  to  be  prepared  for  the  Mont- 
ana State  Highway  Coirunission  under  the  provisions  of  annual  cooperative 
agreements.  It  covers  the  water  year  October  1,  1957  to  September  30, 
1958.  The  first  interin  report  covered  the  fiscal  year  July  1,  1955  to 
June  30,  1956.  By  mutual  consent  of  the  Montana  State  Highway  Corrrnls- 
sion  and  the  U,  S.  Geological  Survey,  the  period  covered  in  the  annual 
progress  reports  was  changed  in  1956  from  a  fiscal  year  basis  to  a 
water  year  basis.  Therefore,  the  second  progress  report  covered  the 
period  July  1  to  September  30,  1956  and  the  third  progress  report  cov^ 
ered  the  water  year  October  1,  1956  to  Septesaber  30,  1957. 

An  open-file  report  entitled  "Floods  in  Eastern  Montana,  14agni- 
tude  and  Frequency*'  by  V.  K.  Berwick  was  furnished  the  Montana  State 
Highws^  Conffldssion  in  I4ay  1958.  Tliis  report  presented  a  method  of  do- 
tenaining  the  maf?iitude  and  frequency  of  e5q)ected  floods  applicable  for 
drainage  areas  of  100  to  3,000  square  miles  in  most  of  eastern  ^fc)ntana. 
It  superseded  a  provisional  study  «ititled  "Floods  in  Eastern  Montana" 
wiiich  was  furnished  Decernber  2,  1957* 

Mr.  L*  W.  Hargrove,  hydro logist,  Itontana  State  Highway  Conyrdssion, 
has  been  kept  informed  of  all  preliminaxy  st\*iies  and  has  been  furnished 
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information  on  outstanding  floods  and  other  flovr  data  upon  request. 

The  collection  of  data  continued  to  be  the  most  important  activ- 
ity during  the  water  year.  The  results  of  the  past  vrater  year  are 
siraaarized  in  this  report. 

Purpose  of  the  Prorragi 

The  purpose  of  the  six-year  progra'ri,  initiated  in  1955 #  is  to 
collect  peak  flow  data  on  streanis  of  sinall  drainage  areas  for  a  magni- 
tude and  frequency  study.  The  resulting  study  vriLll  be  useful  in  the 
deton.iination  of  the  flood  expectancy  for  drainage  basins  of  various 
sizes  and  tjrpos  for  use  in  desifTiing  adequate  drainage  structures.  In 
order  to  obtain  the  necessary  peak  flow  data,  partial-record  or  crest- 
stage  gage  stations  are  niaintained  rather  than  the  more  eiqjensive  ca>- 
plete-record  type  of  station. 

A  secondary  purpose  is  to  currently  provide  the  CoJTEnission  and 
its  employees  with  the  data  collected  and  the  results  of  any  interiPA 
studies. 

The  original  network  of  stations  consist^i  of  39  partial-record 
stations  and  8  supplem^ital  long-terra  stations  located  in  10  principal 
areas.  Because  of  several  discontinuances  and  changes  in  classifica- 
tion during  the  first  two  years  of  operation  of  the  prograr.,  there  were 
40  partial-record  and  4  supplerr.ental  stations  in  operation  at  the  errf  of 
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the  1957  water  year, 

Dur jjig  the  1953  vrater  ye<'ir,  titx>  new  partial-record  stations  were 
eetabliehed,  naiaely,  Redwater  Creek  tributary  near  Brockway  and  Redwater 
Creek  at  Brockway,  A  coniplete-record  station  was  constructed  at  Box 
Elder  Creek  near  Winnett  under  a  cooperative  program  with  the  Montana 
State  Engineer,  As  the  desired  data  will  be  available  throu^i  this 
arranf;©nent,  funds  of  the  Conanission  are  no  longer  uaed  in  its  support. 
Therefore,  at  the  end  of  the  1958,  water  year  there  were  41  partial-re 
cord  and  4  supplemental  Btatione  being  financed  under  the  hifiiv/ay  pro- 
gran\,  A  complete  list  of  these  stations  may  be  found  in  table  1,  The 
location  of  tlie  stations  and  areas  are  shovm  in  fif^ure  1, 

Monthly  ueather  reports  were  nade  during  the  season  by  14  unpaid 
observers.  These  reports  contaJ.n  information  on  the  airount  and  duration 
of  rainstorroB,  as  well  as  snow  accumulation  and  grouixi  conditions  during 
winter  nonths. 

The  data  collected  at  the  sliort-tena  partial-record  stations  will 
be  correlated  \d.th  lon^term  con^lete-record  stations  when  the  final 
flood-frequency  analysis  is  rjade.  Unless  an  unusual  sequence  of  drought 
years  is  experienced  in  the  si:'C-year  prograi'i,  it  will  be  possible  to 
develop  a  short  partial  duration  aeries  of  floods,  at  least  in  the  lower 
range.  Graphical  comparison  of  such  discharges  at  a  short-tenn  station 
with  the  corresponding  discharf:©s  for  t'rie  sarae  period  at  a  station  vdth 
a  long  record,  vrtiere  the  mean  annuel  flood  is  knov/n,  would  perriit  esti- 
mates of  the  mean  annual  flood  at  the  shcrtr-terr.  station.  After  the 
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mean  anniiel  flood  is  determined,  dlecharges  of  the  rarer  floods  can  be 
estiniated  from  a  regional  flood- frequencj  graph.  Continuity  of  both 
the  short/- temi  and  long-terni  records  ie  therefore  essential,  Kc  regu- 
lar ga£in£  stati rne  having  probable  value  in  the  study  have  been  dis- 
continued. In  some  cases  it  has  been  possible  to  transfer  financial  re- 
sponsibility to  other  prograas  of  the  U,  S,  Geological  Survey, 

Under  a  cooperative  a£iree:;.esnt  vdth  the  I'ontana  State  Engineer,  the 
U,  S,  Geological  Survey  established  tJiree  cojuplete-record  stations  on 
interniittent  streatas  in"  ncrtiieastern  Tfontana,  narnely.  Sand  Creek  near 
Jordon,  LLnie  Creek  near  Tampico,  and  Bums  Creek  near  Savage,  Partial- 
record  stations  V'^rs  also  established  in  the  vicinity  of  each  of  the 
cojriplete-recoi^i  stations.  Also,  6  partial-record  stations  were  establislv- 
od  in  eactem  Ibntana  at  v/hdcyi  both  high  flovr  and  lov/  flow  records  are 
being  collected,  A  list  of  these  stations  is  shown  in  table  1.  Fig- 
ure 2  shove  the  location  of  all  of  these  stations. 

Data  collected  at  the  partial-record  stcitions  maintained  in  cooper- 
ation vrlth  the  Ifcntana  State  Engineer  are  not  tabulated  in  this  progress 
repoi't.  Information  collected  at  these  stations  will  be  considered  in 
the  final  magnitude  and  frequency  fctudy, 

Pro/cTess  Durinr,  the  Se£^ofi 

The  collection  of  data  continued  to  be  the  most  important  phase 
of  the  progra':i  during  the  water  year,  A  total  of  3C6  visits  were  i.^ade 
at  the  partial-record  stations,  during  which  102  hi^%.-ater  raarks  vrere 
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found.  DeterminationB  of  flow  conoioted  of  10  estiraatea,  6  current- 
mater  aeasureciente,  and  6  indirect  neasureaients  •  The  measurements  were 
used  in  developing  6  new  rating  curvea,  making  a  total  of  25  partial- 
record  stations  wiiich  have  rating  curves.  All  of  the  aiqpplemental  sta^ 
tions  have  rating  curves,  A  tabulation  of  the  annual  maxirnixa  discliarge 
at  the  rated  paz*tial-record  stations  and  sitpplemental  stations  is  shown 
in  table  2  for  the  period  of  operation  ccaaaencing  in  1955  •  One  copy  of 
Appendix  A,  v^iich  lists  tlie  observations  of  discharge  at  the  individual 
stations,  has  boen  furnished  to  lie*  L*  W,  liargrove.  A  brief  awsnaxy  of 
Appendix  A  is  sliown  below. 

Sucamary  of  Progjress  and  Observations  of  Peak  Flow 

CTj-f*f^\   P^jills  y:'oa«— Three  partial-record  stations  and  one  si^jplem^ital 
station  in  operation.  One  partial-record  station  rated  on  basis  of 
one  current-neter  measureraent  and  one  indirect  r.ieasurement.  Two 
partial-record  stations  remain  un-rated. 

Hunber  of  high-^«fater  uarko  at  rated  partial-record  stations  -  -  -  6 

Number  of  l-iigh-water  narks  at  non-rated  stations --5 

Number  of  visits  to  partial-record  stations --.--.-.--  -25 

liarlowton  area. — Four  partial-record  stations  in  operation  of  which  two 
are  not  rated.  Two  of  the  stations  were  rated  previously. 

Number  of  higli-water  marks  at  rated  stations 2 

Nmiber  of  high-water  marks  at  non-rated  stations -.-.-.-.  l 

Number  of  visits  to  stations   -.-•-.-.- -_--.---,44 
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Table  2«~Sto.xijiniffi  annual  peak  diBoi«rf;»8  at  rated  stations 


Station 


Sun  River  tributary  near  Great   t^lla 

Big  Sandy  Creek  near  Assinniboine 

Antelope  Creek  tributary  Tb.   1   (site  lk>.  2}  near  fleriowton 

Antelope  Creek  at  iiarlowton 

Mo  Donald   Creek  at  Mjanett 

Box  Elder  Creek  tributary  near  Mjmett 

Box  Elder  Creek  tributary  near  Cat  Creok 

B.   i\  Box  Elder   Creek  tributary  neai*  Cat  Creek 

Disjardin  Coulee  near  Malta 

Fast  Fork  Duok  Creek  near  Brooksmy 

Duck  Creek  near  Brockway 

Tusler  Creek  near  Brockway 

Redwater  Creek  tributary  near  Brockway 

South  Fork  Cry  Ash  Creek  near  Circle 

MoCune  Creek  near  Circle 

Big  Muddy  Creek  at  Plentywood 

Box  Elder  Creek  near  Plentywood 

Box  Elder  Creek  at  daaisite,  near  Plant j'wood 




rrainage 

Date 
estab- 
lished 

IfiaxijHum 
previous 

discharge 
ly  kncrvm 

^ter  year 

1955 

1956 

1957 

1958 

area 

■ 

Discharge 
in  cfs 

Date 

Discharge 
in  cfs 

!-■       -   

Date 

Discharge 
in  cfs 

Qate 

Discharge 
in  cfs 

yjate 

Disclmrg;* 
in  cfe 

21.1 

8-16-55 

— 

— 

— 

'.iar.  20 

1 

Jtjino  l6 

O.l 

July  3 

156 

2,000 

i+-9-55 

i^-5-52 

5,570 

Apr.  11 

698 

)Mr,  30 

a  550 

i-'sb.  28 

a  250 

Jfer.  28 

a  500 

-on 

2.8 

7-12-55 

— 

~ 

— 

— 

iter.  17 

207 

June  16 

188 

Ifey  23 

17 

75 

7-12-55  :  6-17-50 

2}^,h00 

Juno  26 

591 

June  15 

800 

Juno  21 

380 

— 

<55 

yjo 

2-5-55   1  5-164^2 

900 

Apr.   11 

2ia 

Aur;.   3 

86 

Mar.   19 

6? 

July  19 

150 

16.2 

7-11,-55 

— 

Au^'.  23 

132 

June   18 

123 

leb.  28 

27 

July  51 

193 

2.3e 

7-lii-55 

~ 

Aug.  23 

585 

Jur.e  10 

126 

Aut>   50 

36 

July  19 

72 

0.31 

5-27-55 

— 

— 

Ajup.  25 

159 

June  18 

32 

Au;r.   30 

kk 

July  31 

122 

3.1; 

7-26-55 

— 

— 

— 

— 

Aug.  5 

160 

!i5Br.   19 

22 

— 

0 

12  J+ 

6-13-55 

--. 

— 

July  12 

106 

.^Jar.  2 

60 

July  iLt 

352 

July  21 

8 

52.:? 

5-21-57 

— 

— 

— 

— 

— 

July  Jh 

6k0 

July  5 

135 

90.2 

10-12-56 

— 

— 

— 

— 

— 

— 

?'eb.  27 

200 

July  21 

lU 

0.29 

1-15-58 

7-li^-57 

83 

— 

— 

~ 

— 

~ 

— 

0 

3.7k 

6-13-55 

— 

— 

July  12 

56 

?;iar.   I 

17 

7eb,a6 

52 

June  3 

3 

28 

6-13-55 

— 

— 

July  12 

126 

?&r.  20 

52 

July  Ik 

175 

June  3 

6 

8k& 

6-10-55 

6-30-53 

8,000 

— 

<.210 

J3ar.  22 

a  300 

July  16 

U13 

Mar.  29 

1,650 

94 

6-10-55 

~ 

— 

— 

0 

— 

0 

July  23 

328 

Jfer.  50 

22 

19.9 

6-23-55 

6-30-53 

6,530 

JSar.  29 

890 

— 

.0 

July  23 

1,600 

Mar.  30 

210 

" 

' 

1 
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Table  2«'^M>xlaMn  animal  poak  diBcharges  at  rated  etatlona — Continued* 


Spring  Crewk  near  Plentywood 

Spring  Creek  at  highway  16,  near  Plentywood 

V9ets  Creek  near  Billiu{;a 

Sfest  Buckeye  Ci:«ek  near  Billlage 

Pryor  Creek  near  Billlage 

Rosebud  Creek  near  FV>r8yth 

Basin  Creek  tributary  near  Volborg 

Baein  Creek  near  Volborg 

Send  Creek  near  Broadua 

l?olf  Creek  near  Baiaiaond 

ISorth  Creek  near  Alsada 


a  -  Approximate  figure 
b  -  Discharge  unknoem 


i>alnage 
area 


7.05 


9'lh 
2.58 

1.370 

0.70 

9.50 

9.6 

9.09 

0.68 


Date 
estab- 
liBhed 


6-23-55 


16.9      6-23-55 


5-26-55 

5-26-55 
5-26-55 
7-15-55 
7-23-55 
7-23-55 
7-22-55 
7-22-55 
7-21-55 


iSaxisoira  di  so  barge 
previously  known 


Date 


5- 


14-52 
30-53 


Disoharge 
in  ofe 


1,500 
596 


iSSater  year 


1955 


Date 


July  7 

July  1 
Jtog.  25 
June  16 

July  29 
July  29 

July  11 


Discharge 
in  cf  e 


5 
0 
3 

17 

286 

<50 

20 
20 

0 
296 

0 


1956 


Date 


Apr.  5 
Feb.  22 

J^*y  29 

Feb.  22 
Mar.  — 

Aug.  2? 
Mar.  l6 

Mar.  22 
July  2 


Discbarge 

in  ofe 


0 

h 

65 

92 

a  800 

«  550 

0 

800 

19 

210 

276 


.1957 


Date 


July  23 
July  23 
June  6 
Say  12 
June  8 
J\ffie  17 

Apr.  2U 

Aug.  28 
Aug.  29 
Aug.  28 


Discharge 
In  cfs 


76 

5Uo 
62 
185 
825 
3U2 
0 

500 

15 

365 

276 


1958 


Date 


Discharge 
in  of  8 


saar.  30 
Mar.  30 
July  2 
July  2 
Feb.  20 
?dar.  ~ 
July  2 
July  2 
June  7 
June  3 
June  3 
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V^'iriniatft  ca'feci,«--At  the  close  of  the  water  year  Uxree  partial-record  sta» 
tions  and  one  suppleaental  station  were  in  operation.  All  of  the 
stations  have  rating  curves. 

Nirober  of  high-water  marks  at  partial-record  stations  -  -  -  -  4 

Nunber  of  visits  to  pai^tial-record  stations  ---.-----  -29 

I-Ialt^  $|re^.— Four  partial-record  stations  in  operation  of  >*iich  one  has 
been  previoiwskLy  rated, 

Number  of  high-water  uiarks  at  rated  stations  --------  0 

NiEiber  of  hif^water  marks  at  non-rated  stations  ------  5 

Number  of  visits  to  stations  ----------------46 

Vifolf  Po^r^t  ar&a»— Four  partial-record  stations  in  operation,  Ko  ratings 
have  been  developed  due  to  the  lack  of  si^iLficant  flow. 

Number  of  high-water  marks  at  stations  -----------  1 

Number  of  visits  to  stations  ----------------37 

Circle  apr^,— EirJit  partial-record  stations  were  in  operation  at  the 
end  of  the  vrater  year.  New  ratings  were  developed  at  two  stations 
making  a  total  of  six  stations  with  rating  curves. 

Number  of  high-water  niarks  at  rated  stations  --------  8 

Number  of  high-water  narks  at  norwratesd  stations  ------  2 

NuTiber  of  visits  to  stations  ----------------71 

Plentywood  area.— Four  partial-record  stations  and  one  siqpplenental  star- 
tion  in  operation.  All  stations  have  ratings  which  were  developed 
previously. 

Number  of  high-water  marks  at  partial-record  stations  -  -  -  -14 

-1> 


Ntsnber  of  visits  to  partiel-record  stations  ----.-.---  —  34 

Billingrs,  area  ."-All  of  the  three  partial-record  stations  have  previously 
developed  ratings. 

Nuaber  of  high-water  ir^rks  at  stations  -.-.--.------.--  17 

number  of  visits  to  stations  -.--.-.-.--.-.-*-.-.--.---  21 
jaro^j^dus  .f^r^.—Five  partial-record  stations  and  one  stqjplenental  station 
in  operation.  All  stations  are  now  rated,  four  previously  rated  and 
two  new  ratings  # 

Number  of  high-imter  narks  at  partial-record  stations  -  -  -  -  32 

Kuraber  of  visits  to  partial-record  stations  --.---«---  41 
Wibaux  ajTe^*— Tliree  partial-reconi  stations  in  operation*  No  ratings 
were  developed  due  to  the  lack  of  significant  flow* 

Number  of  hif1>-water  liiarks  at  stations ----.-«--»  6 

Number  of  visits  to  stations  -----------------38 

Tabxilation  of  Field  Workj 
ili^[>-water  marks  at  partial-record  stations  --------  102 

Visits  to  partial-record  stations  -------------  386 

Detenrdnations  of  flow;  Current-meter  meeisucreirtents  -  -  -  -   6 

Indirect  :  ^easuresuents  -  -  -  -   6 

Estimates  ----------  10 

The  achievement  of  significant  results  froin  this  prograra  during 
the  relatively  short  period  of  six  years  Esy  be  contingent  i^n  the 
relation  of  the  partial-record  station  data  to  the  lon£*-term  records 
which  were  the  basis  for  the  open-file  report  on  magnitude  and  fr&- 
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quency.  A  trial  ctudy  vas  undertarcen  to  shov  ho'.-;  the  data  vould  be 
utiJLized,  As  the  flood  eaqserience  diu-ing  the  prograin  has  been  liraited 
and  sorr.e  sta2€>-discliarge  ratings  have  not  been  developed,  results  are 
not  meaningful.  Hr,  L,  W.  Hargrove  exai!iined  the  etudy  and  felt  that  it 
was  not  at  variance  with  the  criteria  currently  used  in  the  selection  of 
design  flow. 

As  a  part  of  the  regular  streaia- gaging  program  of  the  U.  £•  Geo- 
logical Survey,  rdscellaneous  measurenents  of  peak  flow  arc  Liade  at 
points  where  si0aj-f  icaht  deiri&ce   is  reported  or  the  peat:  discharge  iriay  be 
hydrologically  siyiificant.  The  resources  of  the  U,  3.  Geological  Survey 
do  not  perf^^-'it  coverage  of  all  reported  events,  and  it  is  acknowledged 
that  nany  niay  escape  attention.  The  four  discharce  r  teasuraaeaits  made  dur^- 
ing  the  past  water  year  illustrate  tJic  randonmesB  of  intense  precipita- 
tion during  the  thunder stonji  season  and  are  listed  in  table  3« 

f).Sm   for  t'^e  1?$?  ^,e^^o^ 

An  expansion  of  the  prografli  to  provide  for  collection  of  peak- flow 
data  from  selected  &va11  drainage  areas  tliroughout  Montana  was  x-iode 
effective  by  a  revised  cooperative  agreejaent  dated  November  1,  195Q» 
Under  this  agree'nent  the  D«  S.  Cteological  Survey  will  be  reimbursed  in 
full  for  all  appropriate  costs.     It  is  iffKlerstoad  the  ]4ontana  Higliway 
CoriHidsBion  raay  utilize  Planning  Survey  funds  wiiich  are  federally  niatched 
by  the  U.  S,  Bureau  of  Public  Roads  in  a  ratio  tliat  is  iaore  favorable  to 
the  Coiaixiission  than  the  equal  imtch  which  had  prevailed.     This  enlarged 
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Vropvar.  will  enconpocs  the  previoios  procraii  and  provide  for  about  60 
additional  partial-record  stations.  It  is  vioualized  that  data  collec- 
tion for  the  nea-;  station©  shciild  extcaad  .-jver  a  ninimun  period  of  six 
7Gars  to  yield  si^iaificant  results.  At  the  completion  of  this  new  six- 
year  period,  a  report  on  the  ir^gnltud©  and  frequency  oT   floods  on  a 
state-wide  basis  is  planned.  Previous  understandings  regarding  the 
analysis  of  the  data  fra^:;  the  original  croup  of  stations  at  the  conclu- 
sion of  the  ori(dnal  six-year  period  are  acknowledged. 

The  coUeoti-n  of  peak  flow  data  at  the  original  sites  will  con- 
tinue. The  locaticn  of  the  a'iditi'^nal  partial-record  sites  has  n<t,  yet 
been  deteirdned  as  field  reconnaieaojice  has  not  been  prnctical  since 
completion  and  approval  of  the  revi.sed  a£reG::.ent.  On  the  baeis  of  genei>- 
al  observations,  it  is  believod  that  3  to  5  gafes  will  be  installed  with- 
in each  of  the  circled  areas  shown  in  figure  2,  The  corapletion  of  ii>- 
stallations  of  the  60  additional  eitea  is  scheduled  for  Septaniber  1959* 
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